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0 Serial data processor capable of transferring data at a high speed. 



© A serial data processor is coupled to a single 
data line and a single clock line for serial data 
transfer in synchronism with a clock signal. The data 
processor comprises a shift register coupled to the 
serial data line and operated to serially output the 
data in synchronism with a clock on the clock line, 
and an output buffer connected to receive the data 
serially outputted from the shift register and coupled 
to sequentially output the received data to the data 
line. This output buffer includes a push-pull driver 
having an output connected to the data line and an 
<^ input driven by the data serially outputted from the 
^ shift register. A clock counter is coupled to receive 
g^the clock on the clock line so as to maintain the 
^push-pull driver in an operable condition until the 
^ count value reaches a predetermined value and to 
bring the output of the push-pull driver into a floating 
00 condition after the count value reaches a predeter- 
CN| mined value. There is provided a data line control 
Q circuit coupled to the data line and controlled by the 
clock counter to bring the data line to a high level 
^ after the count value of the clock counter reaches 
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Serial Data Processor Capable of Transferring Data at a High Speed 



Background of the Invention 

Field of the invention 

The present invention relates to a seriai data 
processor, and more specifically to a serial data 
processor having two signal fines capable of seri- 
ally sending and receiving data through a single 
data line in synchronism with a clock on a single 
clock line. 



Description of related art 

As means for transferring data between a plu- 
rality of semiconductor processor chips such as 
microprocessors, two methods have been known. A 
first method is a parallel data transfer which sends 
and receives data of for example eight bits or 
sixteen bits in a parallel form through a data bus 
composed of eight or sixteen parallel data signal 
lines. A second method is a serial data transfer 
which sends and receives a plurality of bits in 
series, bit by bit. through a single data signal line. 
Particularly, the serial data transfer can be carried 
out with a less number of lines for connecting 
between chips, and therefore, a required wiring is 
very simple. In addition, the chip cost is low. 

In general, the serial data transfer is carried out 
by using a single serial data line and a single clock 
line. In addition, it is a general practice that after a 
receiving unit has completed reception of a serially 
transmitted data without fail, it sends a reception 
acknowledge signal (called, a "ACK signal" 
hereinafter) to a data sending unit in order to 
ensure and elevate reliability of data transfer. This 
ACK signal can be sent through a special dedi- 
cated tine, but this will result in a large increase of 
wirings in the case that a number of serial data 
processors are coupled to the same data line and 
the same clock line. Therefore, it is an ordinary 
practice to send the ACK signal through the seriai 
data line. 

In this case, the serial data line is pulled up 
through a puli-up resister. and an output buffer 
provided in each serial data processor and con- 
nected to the serial data line is in an open drain or 
open collector structure composed of only a pull- 
down transistor. In this specification, the term 
"open drain" is used to include the open collector. 
Thus, when the pull-down transistor is turned on. 
the serial data line pulled up by the pulf-up resistor 
is brought into a low level by action of the turned- 
on pull-down transistor, and when the pull-down 



transistor is turned off. the serial data line is 
brought into a high level by action of the pull-up 
resistor. Therefore, the data processor can sequen- 
tially send the data by turning on or off the pull- 

5 down transistor of the output buffer in accordance 
with data bits to be sent. 

After complete of data sending, the data send- 
ing data processor brings the output buffer, namely 
the pull-down transistor into an off condition so that 

10 the serial data line is pulled up to the high level by 
the pull-up resistor. In this condition, if the data 
receiving data processor has completed reception 
of data without fail, it sends the ACK signal of a low 
level to the serial data line in synchronism with a 

75 clock signal on the clock signal line. Namely, the 
serial data line is pulled down by the data receiving 
data processor. Thus, the data sending data pro- 
cessor can confirm the safe receipt of the transmis- 
sion data of the data receiving data processor by 

20 detecting the ACK signal i.e.. the pull-down of the 
serial data line which occurs after the data sending 
data processor has brought the serial data line into 
a high level as the result of the completion of the 
data transmission 

25 In the above mentioned serial data processor, 

the open drain type output buffer operates to bring 
the serial data line to a low level by dispersing an 
electric charge on the serial data line to ground 
through the turned-on output buffer transistor itself. 

30 On the other hand, the serial data line is brought to 
a high level by charging the data line through the 
pull-up resistor as the result of the turn-off of the 
output buffer transistor. Since the resistance of the 
pull-up resistor is considerably larger than that of 

35 the turned-on transistor, the rising of the data line 
to the high level is slower that the falling of the 
data line to the low level. Because of this, the serial 
data transfer speed has been limited to a certain 
value. Specifically, the serial data line of the open 

40 drain type can have only a data transfer speed of 
100 KHz at maximum. At present, on the other 
hand, the serial data transfer is about to become 
dominant because of a great advancement of dis- 
tributed processing of the multiprocessor type, but 

45 application systems using the above mentioned 
type serial data transfer can have only a limited 
efficiency. 

On the other hand, if the serial data line is 
driven by an output buffer of the push-pull type, a 
50 high speed serial data transfer can be realized. 
Namely, the output buffer of the push-pull type can 
pull up the data line to a high level at a high speed. 
However, in the case that the output buffer of the 
push-pull type is used. It is not possible to use the 
data line for sending the ACK signal informing the 
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safe receipt of the transmitted data. Namely, an- 
other dedicated line is required for the ACK signal. 
This is not preferable because limited external ter- 
minals of processors are inconveniently used and 
the signal line wirings become complicated which 
results in an increased cost of application systems. 

Summary of the Invention 

Accordingly, it is an object of the present in- 
vention to provide a serial data processor which 
has overcome the above mentioned defect of the 
conventional one. 

Another object of the present invention is to 
provide a serial data processor capable of execut- 
ing a high speed serial data transfer with only a 
single data line and a single clock line. 

A further object of the present invention is to 
provide a serial data processor capable of execut- 
ing a high speed serial data transfer through a 
serial data line and of sending a data reception 
acknowledge signal through the same serial data 
line. 

The above and other objects of the^ present 
invention are achieved in accordance with the 
present invention by a serial data processor adapt- 
ed to be coupled to a single data line and a single 
clock line for serial data transfer in synchronism 
with a clock signal, comprising a shift register 
coupled to the serial data line and operated to 
serially output the data in synchronism with a clock 
on the clock line, an output buffer connected to 
receive the data serially outputted from the shift 
register and coupled to sequentially output the 
received data to the data line, the output buffer 
including a push-pull driver having an output con- 
nected to the data line and an input driven by the 
data serially outputted from the shift register, count 
means coupled to receive the clock on the clock 
line so as to maintain the push-pull driver in an 
operable condition until the count value reaches a 
predetermined value and to bring the output of the 
push-pull driver into a floating condition after the 
count value reaches a predetermined value, and 
data line control means coupled to the data line 
and controlled by the count means to bring the 
data line to a predetermined logic level after the 
count value of the count means reaches the pre- 
determined value. 

According to another aspect of the present 
invention there is provided a data transfer system 
including a pair of data processors coupled to each 
other though a single serial data line and a single 
clock line. One of the data processors comprises a 
serial data terminal coupled to the single serial data 
line, a clock terminal coupled to the single clock 
line, a shift register coupled to the serial data 



terminal and operated to serially output the data in 
synchronism with a clock on the serial clock termi- 
nal, an output buffer connected to receive the data 
serially outputted from the shift register and coup- 

5 led to sequentially output the received data to the 
serial data terminal, the output buffer including a 
push-pull driver having an output connected to the 
serial data terminal and an output driven by the 
data serially outputted from the shift register, count 

70 means coupled to receive the clock on the clock 
terminal so as to maintain the push-pull driver in an 
operable condition until the count value reaches a 
predetermined value and to bring the output of the 
push-pull driver into a floating condition after the 

15 count value reaches a predetermined value, and 
pull-up means coupled to the serial data tenminal 
and controlled by the count means to pull up the 
serial data terminal to a predetermined logic level 
after the count value of the count means reaches 

20 the predetermined value. 

In one embodiment of the data transfer system, 
the push-pull- driver includes a p>channel transistor 
connected at its one end to a high voltage and at 
its other end to the serial data terminal, and a n- 

25 channel transistor connected at its one end to 
ground and at its other end to the serial data 
tenninal. The output buffer also includes a gate 
circuit connected between a shift output of the shift 
register and respective gates of the p-channel and 

30 n-channel transistors, the gate circuit being con- 
trolled by the count means. 

The gate circuit includes a NOR gate having a 
first input connected to receive the output of the 
count means and a second input connected to 

35 receive the shift output of the shift register. An 
output of the NOR gate is supplied to the gate of 
the n-channel transistor. The gate circuit- also in- 
cludes a first NAND gate having a first input con- 
nected to receive through an inverter the output of 

40 the count means and a second input connected to 
receive the shift output of a shift register. An output 
of the NAND gate is supplied to the gate of the p- 
channel transistor, so that when the count means 
outputs a low level output signal, the shift output of 

45 the shift register is applied through the NAND gate 
and the NOR gate to the gates of the p-channel 
and n-channei transistors, respectively, whereby 
the p-channel and n-channel transistors cooperate 
to drive the serial data terminal in a push-pull 

50 format in accordance with the data serially output- 
ted from the shift output of the shift register, and 
on the other hand, when the count means outputs a 
high level output signal as the result of counting of 
a predetermined number of clocks, the respective 

55 outputs of the NAND gate and the NOR gate are 
locked to a high level and a low level, respectively, 
whereby the p-channel and n-channel transistors 
are turned off. 
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Furthermore, the pull-up means includes a sec- 
ond p-channel transistor connected between a high 
voltage and the serial data terminal. A gate of the 
second p-channel transistor is connected to receive 
the output of the count means so that when the 
count means outputs the low level output signal, 
the second p-channel transistor is maintained in an 
off condition whereby the output buffer is allowed 
to drive the serial data terminal in accordance with 
the data serially outputted from the shift output of 
the shift register, and on the other hand, when the 
count means outputs the high level output signal as 
the result of counting of a predetermined number 
of clocks, the second p-channel transistor is turned 
off whereby the serial data terminal and hence the 
single data line is pulled up through the turned-on 
second p-channel transistor to the high voltage. 

In addition, the gate circuit can further include 
a receiving flag set to a low level when the one 
data processor is used as a data transmitter and to 
a high level when the one data processor is used 
as a data receiver, and a first OR gate having a 
first input connected to the receiving flag and a 
second input connected to the output of the count 
means. An output of the first OR gate is connected 
to the first input of the NOR gate and an input of 
the inverter connected to the first input of the first 
NAND gate. 

Furthermore, the gate circuit can further in- 
clude a data reception acknowledge signal gener- 
ator operating to supply a low level output when 
the one data processor is used as a data transmit- 
ter and to generate a high level output when the 
one data processor is used as a data receiver and 
a safe data reception is confirmed, and a second 
OR gate having a first input connected to the data 
reception acknowledge signal generator and a sec- 
ond input connected to the output of the NOR gate. 
An output of the second OR gate is connected to 
the gate of the n-channel transistor. 

More specifically, the count means has an 
count input coupled through an input buffer to the 
clock terminal. The data processor further includes 
a internal clock generator supplying a clock 
through a tristate buffer to the clock terminal, and a 
clock selection flag connected to a control input of 
the tristate buffer so as to maintain the tristate 
buffer in an operable condition when the internal 
clock is selected and to put the tristate buffer into a 
high impedance condition when an external clock is 
selected. 

In addition, the data processor further includes 
a second input buffer having an Input connected to 
the data terminal and an . output connected to a 
serial data input of the shift register. There is 
provided an reception acknowledge signal detector 
having an input connected to the output of the 
second input buffer. 



The above and other objects, features and ad- 
vantages of the present invention will be apparent 
from the following description of preferred embodi- 
ments of the invention with reference to the accom- 
5 panying drawings. 



Brief Description of the Drawings 

to Rgure 1 is a block diagram of one embodi- 

ment of the serial data processor in accordance 
with the present invention; 

Rgure 2 Is a timing chart of one operation 
mode of the data processor shown in Figure 1 ; and 

15 Rgure 3 is a timing chart similar to Rgure 2 

but showing another operation mode of the data 
processing shown in Figure 1. 

20 Description of the Preferred embodiment 

Referring to Figure 1. there is shown a data 
transfer system including a pair of serial data pro- 
cessors in accordance with the present invention. 

25 The shown system includes first and second serial 
data processors lOA and 10B coupled to each 
other through a single serial data line 12 and a 
single clock line 14. These serial data processors 
10A and 108 have the same construction, and 

30 therefore, the same Reference Numerals will be 
given the same or corresponding elements of the 
serial data processors 10A and 108. But. for dis- 
tinction between the serial data processors 10A 
and 10B.. a capital alphabet "A" is added to all 

35 Reference Numerals given for the elements of the 
serial data processor 10A and a capital alphabet 
"B" is added to all Reference Numerals given for 
the elements of the serial data processor lOB. 

Now, the construction of only the serial data 

40 processor 10A will be explained, since the serial 
data processors 10A and 10B have the construc- 
tion as mentioned above. The serial data processor 
10A includes a shift register 20 A of eight bits which 
is adapted to send and receive a eight bit parallel 

45 data to and from a data processing unit (not 
shown). This shift register 20A has a serial data 
output 22A coupled through an output buffer (which 
will be explained hereinafter) to a serial data termi- 
nal 24A connected to the serial data line 12. The 

50 shift register 20A also has a serial data input 26A 
connected to an output of an input buffer 2aA 
whose input is connected to the serial data terminal 
24A. Further, the shift register 20A includes a clock 
input 30A connected to an output of another input 

55 buffer 32A, an input of which is connected to a 
clock terminal 34A connected to the clock line 14. 

The input of the input buffer 32A is also con- 
nected to an output of a tristate buffer 36A. whose 
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input is connected to receive a clock from an 
internal clock generator '38A provided in the serial 
data processor. The tristate buffer 36A is controlled 
by an associated clock selection Mag 40A, so that 
when the internal clock generator 38A is used, the s 
tristate buffer 36A is put in an operable condition, 
and when an external clock sent through the clock 
line 14 is used, the tristate buffer 36A is put in a 
high impedance condition. 

The output of the input buffer 32A is also io 
connected to an clock counter 42A adapted to 
output a high level count-up signal when eight 
clocks are counted. An output of the clock counter 
42A is connected to one input of NAND gate 44A. 
which is connected at the other inpijt thereof to the /s 
clock selection flag 40A. An output of the NAND 
gate 44A is connected to a gate of a p-channel 
transistor 46A connected between the data terminal 
24A and a high voltage source. This transistor 46A 
functions as a pull-up transistor of the open drain 20 
type. 

Further, the output of the clock counter 42A is 
connected to one input of a OR gate 48A whose 
other input is connected to a receiving flag 50A. 
This receiving flag 50A outputs a high level signal 25 
when the data processor lOA should be in a data 
receiving condition and a low level when the data 
processor 10A should be in a data transmitting 
condition. An output of the OR gate 48A is con- 
nected through an inverter 52A to one input of a 30 
NAND gate 54 A. This NAND gate 54A had the 
other input connected to the serial data output 22A 
of the shift register 20A and an output connected to 
a gate of a p-channei transistor 56A connected 
between the data terminal 24A and a high voltage 35 
source. In addition, the output of the OR gate 48A 
is connected to one input of a NOR gate 58A which 
is also connected at its other input to the serial 
output 22A of the shift register 20A. An output of 
this NOR gate 58A is connected is connected to 40 
one input of an OR gate 60A having the other input 
thereof connected to an ACK signal generator 62A. 
This ACK signal generator 62A is controlled by the 
data processing unit (not shown) to generate an 
ACK signal when the data processor 10A has safe- 45 
ly received a serial data transmitted from another 
data processor. An output of this OR gate 60A is 
connected to a gate of a n-channel transistor 64A 
connected between the data terminal 24A and 
ground. Thus, the p-channel transistor 56A and the so 
n-channel transistor 64A cooperate to form a push- 
pull type output driver. . . 

In addition, the output of the input buffer 28A is 
connected to an ACK signal detector 66A. 

Next, there will be explained an operation of 55 
the above mentioned data transfer system in the 
case that the data processor ' 1 0A functions as a 
serial data transmitter and the data processor 1OB 



functions as a serial data receiver. Here assume 
that the shift register 20A is loaded with a eight bit 
data to be sent, and the clock selection flag 40A is 
set to a high level so as to bring the associated 
tristate buffer 36A in the operable condition so that 
the internal clock source 38A is selected. In addi- 
tion, the receiving flag 50A is set at a low level. On 
the other hand, the clock selection flag 40B of the 
data processor 10B is set to a low level so as to 
bring the associated tristate buffer 36B in a high 
impedance condition so that the external clock sent 
through the clock line 14 is selected and supplied 
to various portions of the data processor 108. The 
receiving flag 508 is set at a high level. As a result, 
the OR gate 488 outputs the high level signal, so 
that a high level signal is applied to the gate of the 
p-channel transistor 548 so as to maintain the 
transistor 548 in an off condition, and a low level 
signal is applied to the gate of the n-channel tran- 
sistor 648 so as 'to maintain the transistor 64B in 
an off condition. Namely, the output buffer of the 
data processor IOB is in an inoperable condition or 
in a floating condition. Further, since the clock 
selection flag 408 is in a low level condition, the 
NAND gate 448 outputs a high level signal to the 
gate of the p-channel transistor 46B so as to main- 
tain the transistor 468 in an off condition. Thus, the 
level of the data terminal 248 will change depen- 
dently upon the level of the data line 12. 

In this condition, the clock generated by the 
clock generator 38A is supplied to the clock coun- 
ter 42A and the shift register 20A and also through 
the clock line 14. the clock terminal 348 and the 
input buffer 328 to the shift register 20B and the 
clock counter 42. In synchronism with the clock, 
the shift register 20 shifts the data held therein and 
outputs the data* bit by bit from -the data output 
22A. 

At this time, since the receiving flag 50A is at 
the low level and the output of the clock counter 
42A is also at the low level, the output of the OR 
gate 4aA is at a low level. Therefore, the inverter 
52A maintains the one input of the NAND gate 54A 
at the high level, so that the NAND gate 54A 
assumes as an inverter and drives the p-channel 
transistor 56A with an inverted signal of the bit data 
outputted from the shift register 20A. 

On the other * hand, since the OR gate 48A 
outputs the low level, the NOR gate 58A assumes 
as an inverter for the output of the shift register 
20A. At this time, the output of the ACK signal 
generator 62A is at the low level as mentioned 
above. Therefore, the output of the NOR gate 58A 
will pass through the OR gate BOA without change. 
Namely, the NOR gate 58A and the OR gate BOA 
cooperate to drive the n-channel transistor 64A with 
an inverted signal of the bit data outputted from the 
shift register 20A. 
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Accordingly, when the output 22A of the shift 
register 20A is at a high level, the p-channel tran- 
sistor 56A is turned on and the n-channel transistor 
64A IS turned off. On the other hand, when the 
output 22A of the shift register 20A is at a low 5 
level, the p-channel transistor 56A is turned off and 
the n-channel transistor 64A is turned on. Namely, 
the p-channel transistor 56A and the n-channel 
transistor 64A ceaselessly assume different con- 
ditions opposite to each other, and therefore, re- to 
alize a -push-pull drive for the data terminal 24A. 
Thus, the shift register 20A outputs the data held 
therein^ bit by bit, in synchronism to the clock, and 
the sequentially outputted data bits are outputted to 
the data terminal 24A through the output buffer 15 
composed of the p-channe! transistor 56A and the 
n-channei transistor 64A, as mentioned above. An 
uppermost waveform chart and a second waveform 
chart shown in Rgure 2 indicate the clock appear- 
ing on. the clock line 14 and the condition of the 20 
data terminal 24A, respectively. 

As mentioned above, since the push-pull drive 
is used for driving the data terminal 24A and hence 
the serial data line 12, not only a failing transition 
from the high level to the low level but also a rising 25 
transition from the low level to the high level can 
be speeded up. Accordingly, the serial data trans- 
fer is speeded up to 1 MHz for example. 

Until the eight bit data is shifted out from the 
shift register 20A. the clock counter 42A maintains 30 
its output at a low level. Therefore, the NAND gate 
44A outputs a high level signal to the gate of the p- 
channel transistor 46A so that the p-channel tran- 
sistor 46A is maintained in an off condition. Name- 
ly, the transistor 46A assumed as a high resistance 35 
pull-up resistor. Therefore, even if the output data 
of the shift register 20A is at a low level, no current 
will flow through the transistor 46A and the transis- 
tor 64A. 

In the serial data processor 10B, on the other 40 
hand, the serial data outputted to the data line 12 
as mentioned above is inputted to the data terminal 
24B and sent through the input buffer 28B to the 
shift register 20B, and the serial clock inputted to 
the clock terminal 34B is fed through the input 45 
buffer 32B to the clock input of the shift register 
20B, Thus, the serial data is serially inputted to the 
shift register 20B in synchronism to the clock. At 
this time, as mentioned above, since the receiving 
flag SOB is at the high level, the transistors 56B so 
and 64B are in an off condition. In addition, since 
the clock selection flag 40B is at a low level, the 
NAND gate 44B outputs the high level signal to the 
p-channel transistor 46B. Therefore, the transistor 
46B is maintained in an off condition. Therefore. 55 
the data processor 10B will not drive the data line 
12. 

When the clock counter 42A counts the eight 
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serial clocks, it changes its output to a high level. 
As a result the output of the OR gate 48A is 
brought into a high level, which causes the NOR 
gate 58A to unconditionally assume the low level 
output. Since the data transmitting processor does 
not perform the ACK control, the ACK signal gener- 
ator 62A maintains its output at a low level. Accord- 
ingly, the output of the OR gate 60A is brought into 
a low level so that the n-channel transistor 64A is 
turned off. On the other hand, the output of the 
NAND gate 54A is unconditionally brought into a 
high level, which puts the p-channel transistor 56A 
in an off condition. Namely, the output buffer com- 
posed of the transistors 56A and 64A assumes a 
high impedance condition or a floating condition. 
Thus, the serial data line is put in a condition that it 
is not driven by the data processor 10A. In addi- 
tion, at this time, the high level output of the clock 
counter 42A brings the output of the NAND gate 
44A into a high level, which turns on the p-channel 
transistor 46A so that the data terminal 24A and 
hence the data line 12 is pulled up to a high level 
by action of the turned-on transistor 46A. See a 
timing tsportion of the second waveform chart 
shown in Figure 2. 

On the other hand, the data receiving data 
processor 10B examines whether or not the trans- 
mitted data is safely received. If the safe reception 
is confirmed, the ACK signal generator 62B brings 
its output to a high level. As a result the n-channei 
transistor 648 is turned on. so that an Ack signal is 
outputted to the data terminal 24B as shown in a 
third waveform chart shown in Figure 2. Namely, 
the data line 12 is pulled down by the turned-on 
transistor 64B. Accordingly, a low level ACK signal 
appears on the data line 12 after the timing ts as 
shown in a lowermost waveform chart of Figure 2. 

This ACK signal is sent through the data termi- 
nal 24A and the input buffer 28A to the ACK 
detector 66A. Thus, it is confirmed by the data 
sending data processor lOA that the transmitted 
data is safely received by the data receiving data 
processor 10B. The ACK detector 66A responds to 
the ACK signal to allow the data processor lOA to 
send a next eight bit data- 
in the above mentioned embodiment, the data 
sending data processor 10A sends the clock to the 
data receiving data processor 108. But, the data 
receiving data processor 10B can send the clock to 
the data sending data processor 10A by setting the 
clock selection flag 40A to a low level and the 
clock selection flag 40B to a high level. In this 
case, the serial clock line 14 is driven by the 
receiving data processor 10B and the serial data 
line 12 is pulled up by the the receiving data 
processor lOB after completion of transmission of a 
unitary data of eight bits from the processor 10A to 
the processor 10B. But. the other matters of the 
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operation will be same as the above mentioned 
case. 

The above mentioned embodiment is in accor- 
.dance with a protocol in that an ACK signal is 
outputted in synchronism with a falling of a serial 
clock received just after the data of eight bits has 
been received. However, it can be modified to 
comply with a second protocol in that an ACK 
signal is not outputted just after the data of eight 
bits has been received but outputted after a short 
delay from the reception of the transmitted data. 

This second protocol data transfer can be re- 
alized in the data transfer system shown in Rgure 
1. In the case of the second protocol, the clock 
counter 42A is modified to output a high level when 
nine clock signals are counted. Therefore, as 
shown in Figure 3, the output buffer of the data 
processor 1 0A drives the data terminal 24A in the 
push-pull format until a timing tg. Therefore, the 
data terminal 24A and hence the data line 12 are 
pulled up to the high level after the eight bit data 
has. been transmitted. Because the shift register 
will output a high level signal after all the data bits 
are shifted out. Thereafter, the two transistors 56A 
and 64A of the output buffer are turned off in 
response to the high level output of the clock 
counter 42A which is generated at the timing tg. At 
this time, the output of the NAND gate 44A is 
brought into a low level so that the transistor 46A is 
turned on to maintain the data line 12 in the puil-up 
condition. On the other hand, the data receiving 
data processor lOB generates the ACK signal at 
the timing tg in synchronism with a falling of the 
serial clock. 

Namely, by changing the count number of the 
clock counter, the system can be modified to com- 
ply a different protocol. 

In addition, the above mentioned embodiment, 
the reception acknowledge signal is sent through 
the serial data line. But. if the clock line is made in 
an open drain structure, the* reception acknowledge 
signal can be sent through the clock line. 

As seen from the above explanation, the serial 
data processor drives the serial data line in a push- 
pull manner when the data should be sent in a 
serial format through the serial data tine. Therefore, 
the data can be sent at a high speed. On the other 
hand, after completion of the serial data transmis- 
sion, the push-pull drive is put in an inoperable or 
high impedance condition, and at the same time, 
the serial data line is immediately pulled up. There- 
fore, it is possible to send a reception acknowledge 
signal through the serial data line. 

The invention has thus been shown and de- 
scribed with reference to the specific embodi- 
ments. However, it should be noted that the 



present invention is in no way limited to the details 
of the illustrated structures but changes and modi- 
fications may be made within the scope of the 
appended claims. 

5 

Claims 

1 . A serial data processor adapted to be coup- 
70 led to a single data line and a single clock line for 

serial data transfer in synchronism with a clock 
signal, comprising a shift register coupled to the 
serial data line and operated to serially output the 
data in synchronism with a clock on the clock line. 

;5 an output buffer connected to receive the data 
serially outputted from the shift register and coup- 
led to sequentially output the received data to the 
data line, the output buffer including a push-pull 
driver having an output connected to the data line 

20 and an input driven by the data serially outputted 
from the shift register, count means coupled to 
receive the clock on the clock line so as to main- 
tain the push-pull driver in an operable condition 
until the count value reaches a predetermined vai- 

25 ue and to bring the output of the. push-pull driver 
into a floating condition after the count value 
reaches a predetermined value, and data line con- 
trol means coupled to the data line and controlled 
by the count means to bring the data line to a 

30 predetermined logic level after the count value of 
the count means reaches the predetermined value. 

2. A data processor claimed in Claim 1 wherein 
the push-pull driver includes a p-channel transistor 
connected at its one end to a high voltage and at 

35 its other end to a data terminal -connected to the 
serial data line, and a n-channel transistor con- 
nected at its one end to ground and at its other 
end to the data terminal, and the output buffer also 
includes a gate circuit connected between a shift 

40 output of the shift register and respective gates of 
the p-channel and n-channel transistors, the gate 
circuit being controlled by the count means. 

3. A data processor claimed in Claim 2 wherein 
the gate circuit includes a NOR gate having a first 

45 input connected to receive the output of the count 
means and a second input connected to receive 
the shift output of the shift register, an output of the 
NOR gate being supplied to the gate of the n- 
channel transistor, and a first NAND gate having a 

50 first input connected to receive through an inverter 
the output of the count means and a second input 
connected to receive the shift output of the shift 
register, an output of the NAND gate being sup- 
plied to the gate of the p-channel transistor, so that 

55 when the count means outputs a low level output 
signal, the shift output of the shift register is ap- 
plied through the NAND gate and the NOR gate to 
the gates of the p-channel and n-channel transis- 
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tors, respectively, whereby the p-channel and n- 
channel transistors cooperate to drive the data ter- 
minal in a push-puli format in accordance with the 
data serially outputted from the shift output of the 
shift register, and on the other hand, when the 
count means outputs a high level output signal as 
the result of counting of a predetermined number 
of clocks, the respective outputs of the NAND gate 
and the NOR gate are locked to a high level and a 
low level, respectively, whereby the p-channel and 
n-channe! transistors are turned off. 

4. A data processor claimed in Claim 3 wherein 
the data line control means includes a second p- 
channel transistor connected between a high volt- 
age and the data terminal, a gate of the second p- 
channel transistor being connected to receive the 
output of the count means so that when the count 
means outputs the low level output signal, the 
second p-channel transistor is maintained in an off 
condition whereby the output buffer is allowed to 
drive the data terminal in accordance with the data 
serially outputted from the shift output of the shift 
register, and on the other hand, when the count 
means outputs the high level output signal as the 
result of counting of a predetermined number of 
clocks, the second p-channei transistor is turned off 
whereby the data terminal and hence the single 
data line is pulled up through the turned-on second 
p-channel transistor to the high voltage. 

5. A data processor claimed in Claim 4 wherein 
the gate circuit further includes a receiving flag set 
to a low level when the data processor is used as a 
data transmitter and to a high level when the data 
processor Is used as a data receiver, and a first OR 
gate having a first input connected to the receiving 
flag and a second input connected to the output of 
the count means, an output of the first OR gate 
being connected to the first input of the NOR gate 
and an input of the inverter connected to the first 
input of the first NAND gate. 

6. A data processor claimed in Claim 5 wherein 
the gate circuit further includes a data reception 
acknowledge signal generator operating to supply a 
low level output when the data processor is used 
as a data transmitter and to generate a high level 
output when the data processor is used as a data 
receiver and a safe data reception is confirmed, 
and a second OR gate having a first input con- 
nected to the data reception acknowledge signal 
generator and a second input connected to the 
output of the NOR gate, an output of the second 
OR gate being connected to the gate of the n- 
channe! transistor. 

7. A data processor claimed in Claim 6 wherein 
the count means has an count input coupled 
through an input buffer to a clock terminal coupled 
to the clock line, and further including a internal 
clock generator supplying a clock through a tristate 
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buffer to the clock terminal, and a clock selection 
flag connected to a control input of the tristate 
buffer so as to maintain the tristate buffer in an 
operable condition when the internal clock is se- 
5 lected and to put the tristate buffer Into a high 
impedance condition when an external clock is 
selected. 

8. A data processor claimed in Claim 7 further 
including a second input buffer having an input 

10 connected to the data terminal and an output con- 
nected to serial data input of the shift register. 

9. A data processor claimed in Claim 8 further 
including an reception acknowledge signal detector 
having an input connected to the output of the 

75 second input buffer. 

10. A data transfer system including a pair of 
data processors coupled to each other though a 
single serial data line and a single clock line, one 
of the data processors comprising a serial data 

20 terminal coupled to the single serial data line, a 
clock terminal coupled to the single clock line, a 
shift register coupled to the serial data terminal and 
operated to serially output the data in synchronism 
with a clock on the serial clock terminal, an output 

25 buffer connected to receive the data serially output- 
ted from the shift register and coupled to sequen- 
tially output the received data to the serial data 
terminal, the output buffer including a push-pull 
driver having an output connected to the serial data 

30 terminal and an input driven by the data serially 
outputted from the shift register, count means 
coupled to receive the clock on the clock terminal 
so as to maintain the push-pull driver in an op- 
erable condition until the count value reaches a 

35 predetermined value and to bring the output of the 
push-pull driver into a floating condition after the 
count value reaches a predetermined value, and 
pull-up means coupled to the serial data terminal 
and controlled by the count means to pull up the 

40 serial data terminal to a predetermined logic level 
after the count value of the count means reaches 
the predetermined value. 

11. A data transfer system claimed in Claim 10 
wherein the push-pull driver includes a p-channel 

45 transistor connected at its one end to a high volt- 
age and at its other end to the serial data terminal, 
and a n-channel transistor connected at its one end 
to ground and at its other end to the senal data 
terminal, and to the output buffer also includes a 

50 gate circuit connected between a shift output of the 
shift register and respective gates of the p-channel 
and n-channel transistors, the gate circuit being 
controlled by the count means. 

12. A data transfer system claimed in Claim 11 
55 wherein the gate circuit includes a NOR gate hav- 
ing a first input connected to receive the output of 
the count means and a second input connected to 

- receive the shift output of the shift register, an 
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output of the NOR gate being supplied to the gate 
of the n-channel transistor, and a first NAND gate 
having a first input connected to receive through an 
inverter the output of the count means and a sec- 
ond input connected to receive the shift output of 
the shift register, an output of the NAND gate being 
supplied to the gate of the p-channel transistor, so 
that when the count means outputs a low level 
output signal, the shift output of the shift register is 
applied through the NAND gate and the NOR gate 
to the gates of the p-channel and n-channel transis- 
tors, respectively, whereby the p-channei and n- 
channel transistors cooperate to drive the serial 
data terminal in a push-pull format in accordance 
with the data serially outputted from the shift output 
of the shift register, and on the other hand, when 
the count means outputs a high level output signal 
as the result of counting of a predetermined num- 
ber of clocks, the respective outputs of the NAND 
gate and the NOR gate are locked to a high level 
and a low level, respectively, whereby the p-chan- 
nel and n-channel transistors are turned off. 

13. A data transfer system claimed in Claim 12 
wherein the pull-up means includes a second p- 
channel transistor connected between a high volt- 
age and the serial data terminal, a gate of the 
second p-channel transistor being connected to 
receive the output of the count means so that when 
the count means outputs the low level output sig- 
nal, the second p-channel transistor is maintained 
in an off condition whereby the output buffer is 
allowed to drive the serial data terminal in accor- 
dance with the data serially outputted from the shift 
output of the shift register, and on the other hand, 
when the counf means outputs the high level out- 
put signal as the result of counting of a predeter- 
mined number of clocks^ the second p-channel 
transistor is turned off whereby the serial data 
terminal and hence the single data line is pulled up 
through the turned-on second p-channel transistor 
to the high voltage. 

14. A data transfer system claimed in Claim 13 
wherein the gate circuit further includes a receiving 
flag set to a low level when the one data processor 
is used as a data transmitter and to a high level 
when the one data processor is used as a data 
receiver, and a first OR gate having a first input 
connected to the receiving flag and a second input 
connected to the output of the count means, an 
output of the first OR gate being connected to the 
first input of the NOR gate and an input of the 
inverter connected to the first input of the first 
NAND gate, 

15. A data transfer system claimed in Claim 14 
wherein the gate circuit further includes a data 
reception acknowledge signal generator operating 
to supply a low level output when the one data 
processor is used as a data transmitter and to 
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generate a high level output when the one data 
processor is used as a data receiver and a safe 
data reception is confirmed, and a second OR gate 
having a first input connected to the data reception 
acknowledge signal generator and a second input 
connected to the output of the NOR gate, an output 
of the second OR gate being connected to the gate 
of the n-channel transistor. 

16. A data transfer system claimed in Claim 15 
wherein the count means has an count input coup- 
led through an input buffer to the clock terminal, 
and the one data processor further includes a inter- 
nal clock generator supplying a clock through a 
tristate buffer to the clock terminal, and a clock 
selection flag connected to a control input of the 
tristate buffer so as to maintain the tristate buffer in 
an operable condition when the internal clock is 
selected and to put the tristate buffer into a high 
impedance condition when an external clock is 
selected. 

17. A data transfer system claimed in Claim 16 
further including a second input buffer having an 
input connected to the data terminal and an output 
connected to a serial data input of the shift register. 

18. A data transfer system claimed in Claim 17 
further including an reception acknowledge signal 
detector having an input connected to the output of 
the second input buffer. 



40 



45 



50 



55 



9 



'88^4-15 22S03 NIl&ASSOCIATES 15. 04. 08 15:06 

0 287 119 




-04-15 22:04 NII&ftSSOCIATES 



0 287 119 




83-04-15 225 05 NII&fiSSOCIfiTES 



0 287 119 




J 



Europaisches Patentamt 

(ig) European Patent Office (Ji) Publication number: 0 287 119 

Office europeen des brevets A3 



® EUROPEAN PATENT APPLICATION 

® Application number: 88106062,8 ® Int. CI.": H04L 5/16 , H04L 1/16 , 

H04L 25/38 , G06F 13/42 

(§) Date of filing: 15.04.88 



® Priority: 15.04.87 JP 93662/87 


© Applicant: NEC CORPORATION 




33-1, Shiba S-chome, Mlnato-ku 


@ Date of publication of application: 


Tokyo 108(JP) 


19.10.88 Bulletin 88/42 


@ Inventor: Matsushima, Osamu 




® Designated Contracting States: 


c/o NEC Corp. 33-1, Shiba 5-chome, 


DE FR GB 


Minato-ku, Tokvo(JP) 




Inventor: Maehashi, Yukio 


@ Date of deferred publication of the search report: 


c/o NEC Corp. 33-1, Shiba 5-chome, 


02.11.89 Bulletin 89/44 


Minato-ku, Tokyo(JP) 




© Representative: Glawe, Delfs, Moll & Partner 




Patentanwalte 




Postfach 26 01 62 Liebherrstrasse 20 




D-8000 Munchen 26(DE) 



0 Serial data processor capable of transferring data at a high speed. 



@ A serial data processor (IDA. 10B) is coupled to 
a single data line (12) and a single clock line (14) for 
serial data transfer in synchronism with a clock sig- 
nal. The data processor comprises a shift register 
(20) coupled to the serial data line and operated to 
serially output the data in synchronism with a clock 
on the clock line, and an output buffer (56, 64) 
connected to receive the data serially outputted from 
the shift register and coupled to sequentially output 
the received data to the data line. This output buffer 
PJiricludes a push-pull driver having an output (24) 
^connected to the data line and an input driven by the 
OJdata serially outputted from the shift register. A clock 
^counter (42) is coupled to receive the clock on the 
'"clock line so as to maintain the push-pull driver in an 
^operable condition until the count value reaches a 
OJprQcJetermined value and to bring the output of the 
push-pull driver into a floating condition after the 
O count value reaches a predetermined value. There is 
^provided a data line control circuit coupled to the 
UJdata line and controlled by the clock counter to bring 
the data line to a high level after the count value of 
the clock counter reaches the predetermined value. 
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